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(54) STRAY MAGNETIC SHIELD FOR NON-VOLATIC MAGNETIC RESISTANCE MEMORY 
(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a non-volatile magnetic resistance memory shielding a memory from a stray magnetic field 
without increasing a substantial cost of a memory. 

SOLUTION: A non-volatile magnetic resistance memory 10 positioned at a semiconductor substrate is shielded from a stray 
magnetic field by a passivation layer 18 covering partially the non-volatile magnetic resistance memory 10 or covering completely it. 
The passivation layer 18 comprises non- conductive ferrite materials (e.g. Mn-Zn-Ferrite, Ni-Zn-Ferrite, MnFeO, CuFeO, FeO, or 
NiFeO). thereby shields the non-volatic magnetic resistance memory 10 from a stray magnetic field. Non-conductive ferrite materials 
may be a form of a layer 18 converging a magnetic field generated internally on the non-volatile magnetic resistance memory 10 in 
order to decrease the requirement of power. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Are the floating MAG masking structure for non-volatile magnetic-reluctance memory, and it is positioned on :substrate. It 
is the passivation layer (18 60) which surrounds selectively at least non-volatile magnetic-reluctance memory (10 50); which 
determines an upside front face, and said non-volatile magnetic-reluctance memory (10 50). The passivation layer (18 60) 
concerned is floating MAG masking structure characterized by consisting of passivation layer; which covers said non-volatile 
magnetic-reluctance memory (10 50) from the floating MAG by it including a ferrite ingredient. 

[Claim 2] Are the floating MAG masking structure for non-volatile magnetic-reluctance memory, and it is positioned on :substrate. It 
is the non-volatile magnetic-reluctance memory (10) which determines an upside front face. The non-volatile magnetic-reluctance 
memory (10) concerned Even if there are few magnetic-reluctance ingredients estranged by the layer (12) of a non-magnetic 
material, the 1st and the 2nd layer (1113) are included. It is high permeability materials and is the layer (18) of a non-conductive 
magnetic adjuster. Non-volatile magnetic-reluctance memory of a place (10); the layer (18) concerned It is positioned near the 
upside front face of said non-volatile magnetic-reluctance memory (10). By it The magnetic field generated inside is converged on at 
least one layer the 1st of said magnetic-reluctance ingredient, and among the 2nd layer (1 1 13). And cover said non-volatile 
magnetic-reluctance memory (10) from the floating MAG. Floating MAG masking structure characterized by consisting of layer (1 8) 
layer [ which is; and high permeability and surrounds selectively at least said layer which consists of a non-conductive magnetic 
adjuster (18) and said non-volatile magnetic-reluctance memory (10) / passivation ] (18); of a place. 
[Claim 3] It is the floating MAG masking structure for non-volatile magnetic-reluctance memory, and is the non-volatile 
magnetic-reluctance memory (50) positioned on :semi-conductor substrate (55). The non-volatile magnetic-reluctance memory (50) 
concerned contains the array of an individual eel (51 52) which has each eel of the magnetic-reluctance ingredient estranged by the 
layer of a non-magnetic material which contains the 1st layer and the 2nd layer at least. Furthermore, the non-volatile 
magnetic-reluctance memory (50) concerned The integrated circuit (61) which specifies and controls the individual eel (51 52) which 
has an input/output terminal is included. It is non-volatile magnetic-reluctance memory [ of a place ] (50);, and high permeability, and 
is the layer (60) of a non-conductive magnetic adjuster. The layer (60) concerned Even if there is little said non-volatile 
magnetic-reluctance memory (50), an upside front face is coated. By it Floating MAG masking structure characterized by consisting 
of layer (60); which converges the magnetic field generated inside on the 1st of the magnetic-reluctance ingredient in the eel 
according to each (51 52), and at least one layer [ 2nd ] layer. 
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[Claim 4] The approach characterized by to consist of phase; which covers said non-volatile magnetic-reluctance memory from a 
floating magnetic field, and inactivates by [ of said non-volatile magnetic-reluctance memory which has the layer of the passivation 
ingredient containing phase; which prepares the non-volatile magnetic-reluctance memory which is the approach of covering 
non-volatile magnetic-reluctance memory from a floating magnetic field, is positioned on :substrate, and determines an upside front 
face, and a ferrite ingredient ] surrounding selectively at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally especially this invention relates to the passivation of non-volatile magnetic-reluctance mold 

memory about non-volatile magnetic-reluctance memory. 

[0002] 

[Description of the Prior Art] The super-high density nonvolatile memory using the large-scale magnetic-reluctance (Giant 
Magneto-Resistive) (GMR) ingredient as a memory element accumulated using the CMOS device or the circuit has been proposed. 
Such memory operates using the information saved as orientation (orientation) of a magnetization vector (magnetization vectors) to 
a GMR memory element. Orientation of the magnetization vector is carried out by the magnetic field (H) applied. The magnetic field 
used in the orientation of a magnetization vector for read-out and writing is generated by the accumulation CMOS circuit. Sufficient 
floating magnetic field (stray magnetic field) (generated in the exterior of memory) of magnitude can become the cause which 
causes an error in maintenance of memory. 

[0003] Floating or the magnetic field generated externally is generated from a number almost near infinity of sources. Sufficient 
floating magnetic field of magnitude becomes the cause of producing the magnetization vector saved in magnetic memory which 
carries out charge out of control. Since high density non-volatile magnetic-reluctance memory (high density non-valatile 
magneto-resistive memory) can do the eel very small, it is especially sensitive to a floating magnetic field. Therefore, only a 
magnetic field comparatively low for read-out and writing (switching or sensing of a magnetic vector) is needed. Moreover, the 
floating magnetic field from an adjacent eel becomes large as the distance between the adjacent eel decreases by densification. 
[0004] It is designing a memory element or a memory cell which needs a switching magnetic field higher than the floating magnetic 
field which will encounter in ttie activity by the private sector or military affairs as one of the approaches which prevents the 
sensitivity of a floating magnetic field. This approach needs the thorough description-ization (characterization) of the floating 
magnetic field which will encounter in these application. Since it is not desirable in order that high internal power may need more 
power again, and this approach may generate a high internal magnetic field and may use it as a high power device by it, an upper 
limit is set as the internal power demanded in order to operate memory. The commercial scene of high density memory has an 
extremely intense competition. The cost gap between Millicent (milli-cents perbit) means victory or defeat per bit in a commercial 
scene. The addition of a production process or the advancement of the complexity of packaging makes the manufacturing cost 
which will determine the competitive strength of the product in a commercial scene increase. 

[0005] Therefore, to offer without addition of the substantial cost of memory the non-volatile magnetic-reluctance memory covered 
from a floating magnetic field is desired dramatically. 

[0006] It is one of the objects of this invention to offer the new and improved non-volatile magnetic-reluctance memory which has 
floating MAG masking structure. 
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[0007] It is also one of the objects of this invention without addition of the substantial cost of memory to offer the new and improved 
non-volatile magnetic-reluctance memory which has floating MAG masking structure. 

[0008] It is also one of the objects of this invention to offer the new and improved non-volatile magnetic-reluctance memory which 
has the floating MAG masking structure included in a standard passivation technique. 

[0009] It is also one of the objects of this invention to offer the new and improved non-volatile magnetic-reluctance memory which 
has the floating MAG masking structure on which the magnetic field generated inside is converged (focus). 
[0010] It is also one of the objects of this invention to offer the new and improved non-volatile magnetic-reluctance memory which 
has the floating MAG masking structure which the magnetic field generated inside is converged and reduces the electric energy 
needed for operating the memory by it. 

[001 1] It is also one of the objects of this invention to offer the new and improved non-volatile magnetic-reluctance memory on which 

the magnetic field generated inside is converged. 

[0012] 

[Detailed explanation of a suitable example] The above-mentioned problem etc. is solved selectively at least, and the 
above-mentioned object etc. is realized within the non-volatile magnetic-reluctance memory which has a floating magnetic field 
containing the non-volatile magnetic-reluctance memory positioned on a substrate and the passivation layer which surrounds 
non-volatile MAG memory selectively at least. The passivation layer contains :Mn-Zn-Ferrite, nickel-Zn-Ferrite, MnFeO, CuFeO, 
FeO, and NiFeO as an example of a ferrite ingredient including a ferrite ingredient, in order to cover non-volatile MAG memory from 
a floating magnetic field. 

[0013] Including the powder ferrite mixed in the layer of a passivation ingredient, various detailed application of ferrite masking offers 
masking to a floating magnetic field by it, covers a list on non-volatile magnetic-reluctance memory, forms the layer of a ferrite 
ingredient, and converges the magnetic field generated inside the same with covering the non-volatile magnetic-reluctance memory 
to a floating magnetic field by it. Converging the magnetic field generated inside decreases the amount of the magnetic field 
generated in the interior needed for switching and sensing, and, subsequently it decreases the amount of the operating power used 
by the non-volatile magnetic-reluctance memory. 

[0014] Drawing 1 is an expanded sectional view of the example of the large-scale magnetic-reluctance GMR eel 10 which has two or 
more layers combined in ferromagnetism. It will be understood by this contractor that the non-volatile magnetic-reluctance memory 
cell 10 is only used for this description as an example, and the non-volatile magnetic-reluctance memory cell of various arbitration 
may be used in relation to the structure. A eel 10 has two or more magnetic layers containing the 1st magnetic layer 1 1 and the 2nd 
magnetic layer 13. Layers 11 and 13 are estranged by the 1st electric conduction spacer layer 12. Each of magnetic layers 11 and 
13 may be the monolayer of a magnetic-substance ingredient, or may also be a synthetic magnetic layer instead. Furthermore, a 
layer 11 has the 1st thickness or thickness 23, and a layer 13 has the 2nd thickness or thickness 24 thicker than thickness 23 in a 
list. 

[0015] In this example, layers 11 and 13 are rectangles, and along with the not a direction but longitudinal direction 27 of width of 
face 26, they are formed so that it may have an easy axis. It may also be made for an easy axis to meet in the width-of-face 26 
direction in other gestalten of a device. Each of layers 11 and 13 met in the die-length 27 direction substantially, namely, has the 
magnetization vectors 21 and 22 parallel to the direction of die length 27 substantially. Here, although one set of vectors 21 and 22 
exists in a eel 10, please understand that they are simultaneously illustrated in drawing 1 since the two conditions of differing are 
convenient. Layers 1 1 and 13 are combined by ferromagnetic coupling to which vectors 21 and 22 make it possible to arrange in the 
same direction in the condition that there is no external magnetic field. This coupling is the function of an ingredient and is the 
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thickness of a layer 12. 

[0016] Furthermore, it is formed so that width of face 26 may become smaller than the width of face of a magnetic domain wall or a 
layer 11, and the migration width of face in 13 (transition width). As the result, vectors 21 and 22 cannot be made parallel with the 
direction of the width of face 26. Typically, as a result, width of face of less than 1.0-1.2 microns is restrained. In this example, width 
of face 26 is smaller than 1 micron, it is the smallness which can be manufactured by the manufacturing technology and to restrict, 
and die length 27 is about 5 times the width of face 26. Moreover, in this example, thickness 23 is about 3-6nm, and thickness 24 is 
about 4-10nm. The difference from thickness 23 and 24 influences the switching part of layers 11 and 13 as shown from now on. 
Vectors 21 and 22 show the two conditions of the magnetization vector in a eel 10 of differing. The condition of 1 is called in logic H 0 n 
and other conditions are logic °1. n Each state vector in both the layers of layers 11 and 13 is oriented in the 1st direction, and other 
state vectors in both the layers of layers 1 1 and 13 are oriented in hard flow or the 2nd direction. 

[0017] In order to write in or charge the condition of a eel 10, although switching thoroughly the direction of the magnetization vector 
of both the layers of layers 11 and 13 towards the reverse which met in the die-length 27 direction from one direction which met in 
the die-length 27 direction (the same being said of or the reverse), i.e., the condition by which it is shown by the vector 22 from the 
condition shown by the vector 21, switches, sufficient total magnetic field is impressed. In order to impress a total magnetic field, a 
longitudinal direction conductor or the WORD line 16 is formed on the front face of the dielectric layer 14 which exists on a memory 
cell 10, and the 2nd conductor (not shown) is connected to the edge of the opposite hand of a ceMO in the shape of [ according to 
individual ] a row. It is used in order that association of a sense line and the WORD line 16 may also read the condition that a eel 10 
is also saved (or sense), some cases -- setting an additional digital line (digit line) (not shown) perpendicular to the WORD line 16 
- the magnitude of a total magnetic field the magnetization vector - certain - changeover - or it appears in causing a change 
enough and a certain thing is required. The magnitude of a total magnetic field is the sum of the magnetic field of the result from 
sense, WORD, and a digital signature current. 

[0018] Drawing 2 is the graph 31 illustrating the resistance or output voltage of a eel 10 ( drawing 1 ) to the magnetic field or total 
magnetic field impressed. The boss table shows the direction of a magnetic field, and its reinforcement, i.e., the reinforcement which 
holds or (support) carries out opposite orientation (oppose) of the magnetization vector of the eel 10. The axis of ordinate shows the 
output voltage of a eel 10. A curve 32 shows the magnetic field resistive characteristic of various magnetic field intensity of the one 
direction of the magnetization vector (for example, vector 21) through output voltage. A curve 33 shows the magnetic field resistive 
characteristic of the same magnetic field intensity of other directions of the magnetization vector (for example, vector 22) through 
output voltage. In the magnetic field to the right-hand side of 0, the output voltage of the magnetic field which holds the vector of a 
curve 32 and carries out opposite orientation to the vector of a curve 33 is shown, and the magnetic field to the left-hand side of 0 
holds the vector of a curve 33, and curves 32 and 33 carry out opposite orientation to the vector of a curve 32. Typically, curves 32 
and 33 cross on the same point of an electrical-potential-difference shaft, and have the same minimum value. For explanation, only 
a few is making it move perpendicularly and the curve 33 shows the difference between the curve. 

[0019] The output voltage of a eel 10 is not related to 0 of an impression magnetic field almost like the direction of the magnetization 
vector, it is alike, and it follows, and the output voltage of the eel 10 which has the vector whose magnetic field increases from 0 to 
H1, and which is oriented with reverse by the total magnetic field is shown, and a curve 33 shows the electrical potential difference 
of the eel 10 which has the vector which boils a curve 32 in the maintenance direction by the magnetic field, and is carried out. In 
magnetic field intensity H1 , the vector of a layer 1 1 converts and raises output voltage in a list. The magnetization vector of a layer 
1 1 is maintained so that it converts, and it may be quick in other directions and may switch to them near the magnetic field intensity 
of H3, as total magnetic field intensity increases between H1 and H3. In the H4 neighborhood, the vector of the thicker layer 13 
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switches to hard flow, and resistance decreases in a value with the stronger resistance than the value of H4, and it. Similarly, the 
* output voltage in a hard flow total magnetic field is shown between 0, and H5-H8. 
[0020] The resistance is usually determined by carrying out sensing of the output voltage of a eel 10. The output voltage is a voltage 
drop covering the die-length direction of a eel 10 for the constant voltage impressed along the direction of the die length of a eel 10, 
and a magnetic field is impressed by one side. One of the approaches which determines the condition of a eel 10 is impressing the 
total magnetic field which is high (namely, H3), however is not the same height (namely, H4) as the change threshold of a layer 13 
rather than the change threshold of a layer 1 1 . Since the magnetic vector does not convert substantially when a total magnetic field 
is the direction holding the magnetic vector, i.e., the direction of the same die length 27 as a magnetization vector, resistance of a 
eel 10 does not change substantially. Corresponding to it, it is the output voltage and does not change substantially. 
[0021] However, when a total magnetic field makes a vector hard flow, a magnetic vector converts. The vector of a layer 11 begins 
(the vector of a layer 13 converts slightly) to convert toward the edge of the opposite hand of a layer 1 1 as a magnetic field goes up. 
The vector of a layer 1 1 converts continuously, and resistance rises until the vector switches to hard flow, as a magnetic field 
furthermore increases. If a magnetic field goes up to be carried out, resistance will become fixed substantially and the change in the 
information to which it is saved will be brought about until the vector of a layer 13 also switches. And the resistance decreases with 
lifting of a magnetic field. 

[0022] Since a eel 10 operates also as that of the premise that the value of a total magnetic field is the sum of the magnetic field 
produced from the current of sense, WORD, and a digital line as a result, **** from which the floating magnetic field combined with a 
total magnetic field may produce the substantial error in either writing or read-out actuation the same with influencing a eel 10 
between the usual preservation is known. For example, a total magnetic field is higher than the change threshold of a layer 11 
during read-out actuation, and when not enough to switch the magnetic vector of a layer 13, as for a floating magnetic field, ** of ** 
and sufficient total magnetic field which switches the information in the eel substantially can be easily impressed for H8. Furthermore, 
many of memory cells are dramatically small, and since it approaches dramatically and is stuffed mutually, especially in a 
large-scale array, the floating magnetic field of a comparatively small amount may influence a memory cell substantially. In order to 
ease the problem of a floating magnetic field, the passivation layer 18 is formed so that a memory cell 10 may be surrounded 
selectively at least. Suitably, a layer 18 is formed from the layer of a non-volatile high permeability (permeability) ingredient like a 
ferrite ingredient. Some ferrite ingredients which fit the object in the first half are :Mn-Zn-Ferrite,.nickel-Zn-Frrite, MnFeO, CuFeO, 
FeO, and NiFeO, even if few. It is one. Since a layer 18 is non-conductive, when it is so electric conduction-like enough that 
deposition can be directly carried out on the front face of a eel 10 or a layer 18 affects actuation, the thin film 17 of dielectric 
materials may be used between a eel 10 and a layer 18. Since a layer 18 is formed from high permeability materials, the floating 
magnetic field of arbitration is covered from a eel 10. Furthermore, the magnetic field of the arbitration generated by the current 
supplied to the WORD line 16 is oriented toward a eel 10 top by the layer 18, or converges, and in order to attain the total magnetic 
field of the same amount as the smaller amount of a current is needed for read-out and/or writing by it, the WORD line 16 may be 
supplied. 

[0023] Thus, a layer 18 performs two functions, converge [ covering the eel 10 to a floating magnetic field, and ] the magnetic field 
generated inside in a eel 10 on a list. When asking only for a masking function, a layer 18 is formed from the typical passivation 
ingredients (convenient dielectric materials of the arbitration which offers the good obstruction from external moisture etc.) which 
have a lot of mixed high permeability materials. Generally, it changes high permeability materials into a powder condition, and they 
may be mixed with the passivation ingredient of liquefied voice or semi- liquefied voice. And next, it is applied to the eel or array, or 
high permeability materials are mould pan "** to the surroundings of a cel. Moreover, sputtering of the high permeability materials is 
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carried out along with a passivation ingredient, or spin-on may be carried out. In other application techniques, spray coating of the 
powder of a ferrite ingredient may be dramatically carried out to a package on a passivation layer or the rear face of a substrate as 
the deposition approach of low cost. 

[0024] In drawing 3 , the expanded sectional view which the array 50 of a eel similar to a eel 10 simplified is shown. Since a part of 
mere array 50 is convenient, it is illustrated, and it contains eels 51 and 52. Typically, two or more eels (51 for example, 52) similar 
to a eel 10 are formed on the common substrate 55 which has a tooth space among the eels 51 and 52 according to each etc. Next, 
a conductor 56 is applied to the interconnect eels 51 and 52 of the row according to individual (sense line) etc. Two or more 
longitudinal direction conductors or WORD lines 57 are overlapped on the memory cell relating with each column and each of 
memory cells. 

[0025] The passivation layer 60 is continued and formed on the whole array, and the whole array and the integrated circuit (shown 
by 61 as a gestalt of a block) accompanying the array are thoroughly inactivated by it. Suitably, the passivation layer 60 is formed 
from the layer of the spin-on which used the conventional technique of arbitration, or the ferrite ingredient by which sputtering is 
carried out. If the whole passivation layer 60 is formed, opening 65 will be formed through the passivation layer 60, and will once 
enable connection to a bonding pad etc. by it. In this suitable example, the passivation layer 60 converges and orients the magnetic 
field (namely, magnetic field generated according to the current in the WORD line 57) generated inside not only masking and 
inactivation of an array but on a related cel. As mentioned above, if it asks only for the function of masking and inactivation, the 
passivation layer 60 will be formed from the powder condition object or the small particle of the high permeability materials mixed. 
[0026] Thus, it is new and the non-volatile magnetic-reluctance memory which has the improved floating MAG masking structure 
was indicated. Since offering this floating MAG masking structure is included in the technique which is simple and easy and has 
generally already been positioned as a standard passivation technique, it does not make the cost of memory increase substantially. 
Suitably, it is new and the floating MAG masking structure of also accumulating the improved non-volatile magnetic-reluctance 
memory also converges the magnetic field generated inside the memory. Focusing of a magnetic field accompanying clearance of 
the floating MAG enables the magnetic field generated inside to decrease substantially, and that reduces the power of a 
complement to start memory. Furthermore, the focusing reduces the power consumption of a eel, decreases metal current density, 
and improves the dependability of a related metal. The focusing reduces the size of an actuation transistor and raises the stereo 
occupancy effectiveness (real estate efficiency) of a eel by it again. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The expanded sectional view according to this invention which a part of non-volatile magnetic-reluctance memory 
simplified. 

[Drawing 2] Drawing which expressed with the graph the magnetic field needed for the switching condition in the non-volatile 
magnetic-reluctance memory of drawing 1 . 

[Drawing 31 The sectional view which the high density non-volatile magnetic-reluctance memory according to this invention simplified. 
[Description of Notations] 

10 50 Non-volatile magnetic-reluctance memory cell 
1113 Magnetic-reluctance ingredient layer 
12 Non-magnetic Material Layer 
14 Dielectric Layer 

16 WORD Line 

17 Thin Film of Dielectric Materials 

18 Passivation Layer 
21 22 Vector 

23 24 Thickness 

26 Width of Face 

27 Die Length 

31 Graph 

32 33 Curve 
51 52 Cel 

55 Substrate 

56 Conductor 

57 WORD Line 

60 Passivation Layer 

61 Integrated Circuit 
65 Opening 
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;P (magnetization vectors) <DSH(o] (orientation) t 
;W4, BJHSftSflflf (H) JCfcoT, ElfilSftSo ft 

fta^osttitt, ^acMosiaiKtckoT^js^fts. + 

»4**«OWB8WI (stray magnetic field) 
i;©ftg|$T*£$$fta) tf, ^t'J©fi51#ti-7-*?l 

[0 0 0 3] #ffi$fcttfl»Wfc£jSSft*tt*ftt. B 

f¥lll§t4, fflWfi&it?*-VZtZ£5ti* 

So JWS*W«tt««8tt^*U (high density non 
-valatile magneto-resistive memory) 14, ^©-b.^ 

##M^<-ct a©r\ nmmic, wkwrt* 
m,frimtLit\i\ tit. sw«fl:tj:oT*o»») 

[0 0 0 4] }«tt»o«t«tt*l»±t*#ao-oi: 
a 0 ccD^ffii4, dft^^jiffltfcv^TistaT'fea 

^J?l««OiU£W41$«it (characterization) 
Tilil^f^WXtcta/ca61tb<4i/^T*, ^€'J 

^Ki^^-a-a/'cfefcs^^ftartgPtt^t, ±pg^as^ 

YhtcK) h (milli-cents perbit) 

^httS^, r|!lT'{4TO^f,l»tao SljilgOjito 
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[0 0 0 5] LfctfoT, **V<D&Wti1t3Zh<Ott 

[0006] mmm^mmztitzmr-b*)* 

[0 0 0 7] tZV<Dnn®&3Zh<DW)U%LlC, f¥ 

ftmn.mtmmmzz tt>, *%mm<o io 
[0008] mm^y >^-> a ymicmm 

CDgW© 1 OT'$5 0 

[0 0 0 9] rtgi5Tmt5fi8^1^ (focus) Stf 

fc*» %mn.m* * y ^^-r s c t t>^*m<o 

[0 0 10] rt»T»ftt*««***«*, Wei 20 

[ooi i] rta5-ea4t*«t*«jiis^*, 

[00 12] 

ft < t $>mm*w%m%* * y *mw*v 

7i7^ httfBOlMfcLTtt : Mn-Zn-Ferrite,Ni 
-Zn-Fer r i te , HnFeO , CuFeO . Fe0& <k tfN i FeO£#t? 0 
[0 0 13] 7x7-fh»^0tt*ft8¥*Bftlffl#, 

u mi^mmmm.tn^ i )<D±ics.ox, 7x 

[0 0 1 4] 1 Hi, jSHKtt«Ktt^Sti*«a<01«: 
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t*i 1 1 *j«i:tf3S2Kttf*i 1 3z%mmm&® 

*%t%o 111. l 3 ti, £ l ^1X^—9-1 1 2 £ 

«*fcttWS2 3«:WU 3fctffcll3tt, i¥£2 3cfc 
!?0|l,^2 0lS*fcttl;*2 4S5t5. 
[0 0 15] COHJSIWfCfc^Ttt, 111. 1 3tt, 
fift^T'SO, *B2 6©fifiT*fci:ft<. S#^(p)2 7ti: 

[RlKja?«j:d»i:t,L#So in. i 30^-n^nti, 
£HWKgS2 7©£iRlK»ofc. T&fc^ £8«lc 
g£ 2 7fiD^lSUcWP**, aft'** Ml/2 1, 2 2 
%Wt5. CCT', ^^1^2 1, 2 2©l-fe-y htf-fe 
^lOfclWEtS^ 2O0gft§tf|g#, ffifUOfcfc 
ic, Bifcfci\TEIli|KH*SttT^acfc*SISft 
/c^o ^Ml>2 u 2 2t>\ nWloi^Vill^ 

'jy^ciot, in. i 3#ts£-£&tts. ceo* 
•»7vy?tt, tt«oi«iT?«»). ii 2(om?x>& 

So 

[0 0 16] |2 6tf, ISOlSSfcttl 1 

1, 1 3F*?(0i^S)ti (transition width) it) t'h$< 
ffMSftSo ^cDiailhLT, ^*Wl/2 
1, 2 2fct, *C9<|2 QOHfttWlfctZCtffX'Z 
ft^o Hi; 1. 0-1.25 >7UV%M<»m\ ISSW 

I5^ny«fc!5/J^<. SJiafBictoTSjiRrffia^ 
rOcO/J^^T'^y. fi«2 7tt*2 6 0ft5fiT»* 
5o $/c. C©^fiS0IJt*l^Ttts W^2 3li, ,^J3~6 
nmT'fey. P$2 4«^4~10nnT*$5o CtlA^^t 
i:*50. JP$2 3fc2 4fcOa^tts Hi 1, 13CD7. 

-ry^yy«i»fc»»r*. hp2 i> 2 2ti, t 
s„ io«!6tt, ia" o" *pft*n, woftmt, m 

3" 1" T'feSo 111, I 3©Wlfc*tt*#RI / < 
^ h;Wi» 1 ^Ifijlc^^lt^n, 111. 1 3©^l 

^mtenso 

[0 0 17] fc/M O0«fig£«&tf*fctt* + -$;-f 
5/cl6t, g$ 2 7 0»lSlKjeofc 1 £|p|fr5SS 2 7 
©73lfi]tC}tt-3fcjMO^[Bl'\ll 1, 1 3CDffil<Dl&{t:< 
^h;l/©^|fi]«:^fc^y^5coic, tftt)^, ^ 
h/U2 lt±oT^?tlTV^ttl^6^^H^2 21c 
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"(yi6£)\ O0±lc££t5§i^t*li 

mmnmc^jii ommKomcmmz^o ty 

1 6icmH^hUnm^Tiy^)ly^y (digit 
line) (B^f) *\ Y-tmmXttftZm 10 

»i, -feyx, 7-Ffc4.tfr^/i^y«^fre>0$S 
[0018] 021*, enta^nsfs^f fc^h-^^ 

ittcttf 5-tr/H 0 (01) (DgtaflSfctitti^lE^: 
m*bW?7 3 lTfeSo ^0$Jilt«:, f«i§£fi*5 

(support) ti&fclt&fa (oppose) tS3S 
g, Sr^-f. ^OKtttt, -t^n OOm^lffi^to 20 
itt«3 2^ ffi;>3«E£/rLfc, i8ft^*r-;l> (0fl*tf 
^*h;l/2 1) 0lfifi0$4&f8i§&g0, l^Jgfix 
fttt**t. ftHS!3 3tf, aj^lffi^Lfc, Mit^ 

wmio h)iz 2) 0fl&<D#fl0ra«ft««s$i 

£0, «*«tfi#tt*^t. OOfclBWDSKlfT'tt, ft 
UH3 2, 3 3 14, ft«3 2©^h;l/*««fU fr"2ft 
«S3 3 0-^ H;WCjgfit5SKt0fflftSE£*U 0 

<D&m^<omm, tomzv^thfrzmu *o 

tt»3 20^h;WCjJ!rtlt*. ftSKlfc* ft*!i!3 2, 
3 3(4, «EE*on-^>h"eSEHU W-OWMI 30 
fcW-TSo SHHOfctofc, ft||3 3(i, '>L£ttSitfi 
[n]{C^il$^T*i0> ^0ft»0ffiS£*LT^5 o 

[0019] fliinBBloofcfc^Ttt, -tr;n O0to*j 

nmts z<DMit^ h)i<Dftfat:ii.immizmm 

\,\ 0fr6Hl*-P«»tf«ttirr*KtieoT, ft^3 3 

(4, h-^/HiSltcfcoTjSSfc^ipjMttens^^ Wl/ 
ft*t*-t/H OOtHflWEfc^U ft^32f4 ; E-01& 

oo«E*rxt, i&f i tcfc^T, 1 1 i 0^* 

h-;H4, titijtEfcCfaU fttflc±ff«£i«. h—$ 40 

/nKisifi^H i 3 t©iai?Jii!iptsKon, 1 1 
i mxcw hM\ H3<DMm&m?immic 

ISfik ■Tff J f»<«)0 ^ KitSSStiS. H4ftjfi 

0, &5tf£*0jgSW4H4 0flIfcJ:tRn<fc9*£^ 

urn ««[«w>t*. awifth-*/wK 

*-p©ffi^«E^ oi:H5~H8 2:0llBfc*tf£ft4. 
[0 0 2 0] *0jg$a{tlte, iMt* -b;H omtnE 

Ef4, -b;H 0£0ft$O^lp]{c^oTEn<JP$nS£lE 50 
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11 lO^xLf u^fifiJ; 0 *>H5< (t&fr^ 
H3) T'£oT> LfrLll 3 0W»*.L§^f&fcRi; 

[00 2 1] Lfr U I— h;l/£j£frl*J 

ton, 1 1 1 <0^t hMZ. 1 1 1 05*HlJ0iiM 
^oTIeId]L^§ (11 3 0^? r-M4fc>1**HC$El*] 

t*> o s5fc««*«a*irr5£oft, ii io^^h 

1 3 0"?*M/t>$JD&fcS3:"e, SfilfilttllflWlC- 

[0 0 2 2] -tr^X, 7-Kfc=t 

T*&5£i/^M*t0fc£-fe>l'l O^®l^t50T\ h- 

§ 0 ^Jx.ff, RtHLIftffOia. h-^;HK«^Sl 10 
W«AL*^fiJ: froli 3 08ttl^h;W 

*«J»**Ktt+»Tftt^«^ fffflilltt, h 8*1: 
0£\ ||H«tc*0-b/l/rt0tt[ffl«:«I»*SJ:5ft, + 

Tii, l:l:KW/J^^^10^?)i^AM ; e , >)-b;^^c^«w 
tc^ibt#§ 0 ??iii0Fp^ii*l?a-r?>/cJ6tc, /^y 

->^-i/ 3 Vll 8 1>\ *ZV W 1 0 < t fegP 
»ttfcHOJ:9K«ja«n*. »ltt4, 11 8ti, 7 
i^httaoiSftTOBffl&aO* (permeabilit 
y) PCi^6MJn^, l8WBWKlt*v><o 
M7x7^ FTOt4 / >^< : Mn-Zn-Ferrite,Ni-Z 
n-Frrite,HnFe0,CuFe0,Fe0*3«fctfNiFe0 ©d^O 1"3 
T'feSc 11 8l4I^HttT*feS0T% -b;H O0gffi 
±tit«Krsl?^'>3 y1"5Ci:^t'f , gL<(41 1 

us{*ttsoswi 1 7^-b;i/ 1 o £1 1 8 tvmizm 

StltSS. 11 8«'Ka«*WR*6»*«tl*OT, 

n^E10ISJi^, 11 8tJ:oT"fe;H o±fcift*»o 
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[0 0 2 3] CCD^C, 11 814. »l««K»t5 
att 51K«%**t « d to 2 -Q©«^*SlfftS. 

m^ffl&wmmzinziis, si 8«, ?i£sn 

sfM*£Hi, tt*tt»ic*n, «ttS8*fcfitp»«»o^ 

fcl^Tli, »c{gnx hOr^S^a y£&t l/c, 

[0 0 2 4] H 3 leftist, -t^l OKJiftttS-b/KO 

l^5 0CO(3^CD-gi5#tf, fcfUOfci&lcB^Sn, -b 
;|/5K 5 2£tt? 0 -fc/H OfcSHttUfc 

«»o-b;i/ (W*.tf5 l, 5 2) tf, SffiigiJo-b;l/5 

1 , 5 2ft£Olfflfc;^-**£t5«j§0glS5 5± 
KlBrtStl*. mW56t\ mi<Dffl\ 
Xv^y) 0«S«iHr;l/5 1, 5 2fcHKaffl*ft 

[0 0 2 5] /WS"*-: ^3^160^, 
>f£f*J3*tf*07Wfcft$JIMIlH]B (6 lT*7a-y 
/<y v^—> 3 >i 6 0 tt, ftfiOfie*StB*{s5ffl Lfc 

(Dm^B&ZhZo -S, /^M->ayl6 0i0 
3>ft*«2n3i:, WJn6 5tf. /^y^-fs^S 40 
6 OfcftLTJ&iESn, *titJ:-3T#yr-f 

14, i/3>160tt, 7H , CDj& / \^fc<fcl>* 

tf, ^^^-^3^16 0^ g^-e-sftsKsat* 
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[0 0 2 6] coiSfc, frJU-eftO* Slisnfcftl 

£!$frofS3i7-&!K -JRK, GUtiWft&^-yi^ 
— >3 V&ffii: LTHfcffilt3tt&tiT^4¥i£K:«# 

T, -b^cD^f*^^ (real estate efficiency) £ 

[HI] *«B3{cfi£ofc, ^RttHJRtttt^y©- 
[02] HiO^WSMtJK^fita^tUKfettS^y 
[03] *»flKtlEofc, KftflF^iattltiJUaSi^* 
[^©^] 

10, 5 0 W38tt«tJMfttt^*y-b^ 

11, n mfmmmm 

1 2 ^MKttWl 
1 4 Uttttl 
16 

1 7 i£«ft*mcD3£li 

1 8 /Wv^-i/3 
21,22 

2 3,2 4 m% 

2 6 4€ 
27 I? 

3 1 ^77 

3 2, 3 3 ft^ 
5 1,52 
5 5 gffi 

5 6 mm 

5 7 

6 0 ^7^->3Vl 
6 1 ftfflOiES 

6 5 HP 
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(72)IPM 7-^.^-7i» (72)«W# "fetFT-X 

7* U #£$H7 U 7tW* > K7- 7* 'J *^«B7 U 7tW+:/F"7- 

(72)«W# ^-K-x?-f7- 
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STRAT MAGNETIC SHIELDING FOR A NON-VOLATILE VRAM 
F i « I i c I t b e 1 c i e o •. i c c 

The present infeatica per i a i r. s tc run volatile nta gee i o- r c s ; s t ; »e 
memories aod ncrc specifically tc p a < s . v a t i c n of nen-ic! at i I e nifnr.c-: 
e e is t i vt memo r i e s . 
Background c I tic I o i c c t i c c 

Very high density oc ,t- 1 o i a t i ! c merceries otilizing Giar.! Kaguc:«- 
Rtsistite (GMR; materials as tie memtr r dean: integrated vitl CMOS J«- 
ices cr circoits have beet proposed. These memories operate by sterol 
iolcrinaticn as the ciieotatitD cl the ci go ei i i a t i t r. teeters ir. the GMR rr 
emory elements. The magceti tat icr, vectors are oriented by meats cl app! 
ied magnet i c (H) fields. The magnetic fields usee to road and «:itt tee 
orientation cl the ma g r,e : : z a : i c a vectors are generated by the integrate 
d CMOS circuitry. Stray atactic fields, generated externa', tc the lea-v 
ry, basing snllicieot magnitude c c u i d cause errors it memory retention. 

Stray cr esiercalh generated magnetic fields can ccrrc frcm an a 
loest infinite number cl scurces. Stray utaguetic lieids bavin? sulfide 
ot magnitude may cause the magnetisation »ectcrs stored in a magnetic ate 
mcry to change . nc c n t r c 1 1 a b \ f . High density no o -ao i a t i I e na gne to - r es 5 s : 
ift memories are especially sensitive U stray fields because the ceiis 
are becoming act? small ar.i. bcccc. require relatively !o* <ie!cs (ci re 
ading and writing C s t i t c h i b g cr sensing tie magnetic vectcs). Also, s: 
ray fields from neighboring cells beccmc larger as the distance be:*«e» 
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neighboring cell? decreases at high densities. 

One method of avoiding sensitiviiy ic may magnetic Mcics :< : 
c dcsigo l be mercery elements c: celis such that they require higher S-i: 
thing lields iha£ :be < t r a y fields they Tcnid enccsater in c crcme ; c : 3 1 e: 

military ose. This me:tcc require; an exhaustive c h a r a f t e ; i 2 a 1 i c a of I 
he stray fields cnccuciered io ttesc a pp 1 i c a t i c r. « . This, roeinc: a : 5 c <c: 
8 higher limits cf iotercal pc*er xequircments rc tperate the mert<;:y. si 
nee higher interna! fields requires more fewer ic peneraie the tighe; it 
teroal fields, makiog : hem high pc*e; devices and. iherelcre, less its:: 
able. The market fcr high density ir.emc r i cs is extremely c cmpt t i « i v c . C 
est dif feiCQtia! S bcUeen suppliers cf id: ii i-c«n:E per bit car mean :>cr.r. 
ess cr failure in the market place. The addition cf rcanr f acta : i rg steps 

ct increased packaging complexity adds cos: eg the predict which ccuid 
determine the competitiveness cf the predict in the rtarktt place. 

Accordingly it is highly desirable ie provide a nc r-vc i a : i i e mag 
neto-iesistiie meracry which is shielded f : c m stray rcaeuenc fields. *i:*G 
at adding subs taot ii 1 cost to the mertcry • 

ft is a purpose cl the prescn: imeoiicc tc provide a r.e* a Ed im 
prcred nci-filitilc magneto-resistive raemor v witt stray magnetic shield; 
U • 

I: is another purpose of the present iovection to provide 3 ne? 
and improved n c c - v c 1 at i 1 c rcigne U-r c s i $ 1 1 *e memory with stray rragneiic s 
bidding which does net add substantially \ o He cost of the memory. 

ft is (till another purpose cf the present invention ic prcruc 
a ne* and improved n cn - vc i a t : ! t ripe : c-r cs i s ; : it meracry *iih stray rtagc 
etic shielding i c h is incorporated into the s-atdard pa < s i va 1 i c : techs 
i q o e . 

1 1 is a fort her purpose is I the present intent! en u provide a cc 
w and improved ncn -f c i a t : ! e m a jr n e » c- r e s is t i ve iccecm stray magnetic 
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shielding which ahc Iccuses the iitcstilSj f e c c r a : e ^ m?r.eti: * : c : s ^ 

It is a 5 : i ! i I c r 1 1: c r p u r p o s e of the present i r v e ? : I < r, : c p : c ? : o 
e a ne* aid i e p : c v e c oc n- vc ! a : i i c magnet c-resi stive irenscry til*- Stray rie 
gnetic shielding vtich alsc focuses ifci itteroa'.ly generated iragef-ic f: 
eld? cc as U redact the acconl cf p c «r e : required t c operate rfec fficxer y . 

It is a Mi!) futfcc: p u r p G 5 c cf the present invent. : c r tc p:o»:c 
e a ne* and i ra p r c v e d dg n-*c I a t : i c ma gn e : c - r i s i $ t i ve m e it c : y *:r^ lemir-g 

cf the internally fene rated magnetic I: eld. 
Simmarj cl the ltvec:icn 

The above p r n b i e m 5 an: otfeeis arc at leas: P a r I : a 1 : J S'lved 
tbe above purposes and others arc realized in a c cn-vc 1 a ; i i e magneto -es 
istive memory in t h « r r a y magnetic shielding inciudicg a nort-v c I a t i ! e ira? 
neto-resistive memory pesiticned cn a substrate anti a paisiraticn iavc: 
at least partially EiMCitJicg the doe-* c ! al : I c mgoeto-res i s : i ve menioiv 
. The passivation layer includes f e r r i i e materials for shielding the nr. 
n-vclatile magnet c-r e s i st i ve mcrnciv fj«n- stray magnetic fields, examples 

of the f e r r i t e material i n r I u d i o ? : Xt-Zn-Fc n I ic . X i -I n -Fe r r i t e . MoFeO. 

CuFeO, FeO : aod NiFeO. 

Various specific applications cf the fcrrite shieiiiog ir.ci-cdc i 
otermiiiog powdered lerfiie in a lajer cf p a s $ ; < a i i o c material ic proviri 
e shielding a g a i c i t stray rr a g r. e ; i c f i c i- z s and f c r id i d ? a iayc: c I : e r • ; ■ e 

material ever the c c n - v g I a : i s c ma g b e ; c - J e s i 5 : i ve memory to U:U it:e:n 
ally generated magnetic fields as *e:i a: sbieleieg the ncn-vc ! a: : i e ma? 
netc-resistive memory against stray magcelic Heidi. Fcccsisg Ue :e:e? 
nally generated magnetic fields redeces the aircuc; cl ii-.eroaiiy gecera: 
ed uagDctic lield retired Ic switching and sensing. *t:ch in tern reiu 
ces the amooDt cf operating po*er used ty the ncn-vc i a i i < era ?r. e i s - ■ c s : s 
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live HK ID c r y . 

Brief Dcscr i pt :e& c I \\ e D ■ a ^ i d g s 
I c f c : r : c g t c the drawings: 

FIG. 1 is a siapiilied and enlarges! <fGS5-sec: icrai ^ e- cf ? 
rtico d a ecn-vcl ai i le reagtcte-res :st ive memory in accordance r::r. : ■= ? 

pre 5 cot invect io g ; 

FIC- 2 is a graphical i e p : e 5 e o t a I i c c d magnetic field re:s:fc: 
fci sdtcbiog states io the o c c - v c • a : i I e ma gt e to -r e s i £ t i v e ^emc : v c' Fl 
G. 1; a □ d 

FIG. 3 is a simplified cics s~scct iooal vie* cf a high den*;!? es 
n-vc!atile sag ne to -i e s i S : i >e mccciy Id accordance *iit lie fresco- -,r»«n 
t i ce . 

Description cf the Preferred EmbuclacDis 

Ttroini new to the <ra*isgs. FIG. I is an cdi.'ged c r c < 5 -s t •: '. : or a i ?if* 
cf an example cf a giant raagoc i c r ce i s • i v e C.MR cell 10 ha* i r g mihiple ia 
yers that are I c f r cna gr, c i i ca I i 3? coupled. Ncn-» o ■ at i I « magce t o-r e 3 1 s : : v c 
memcry cell 10 is ised ic this cxplaiaiicr. only Ic: example acd 
be understood by these skilled ic the a : (oil acy cf z vsjictv d ntn- 
fclatile magoetc-r es i st he ruemcry cells can be uscu it ccnjisciico 
the present structure. Cell I fl has a picraiiiy cf nafceiic layers :r.c:v 
diog a first magnetic lave; II and a seem niignei:-: :a?er \2. La<o;> 1 
1 and 13 are separated by a firs: ccducdvc spacer ! a y e : 12. i'agrciK 
layers II and 13 each car be single layers cf magnetic EiUriais c: . ai- 
eraateiy. can be a composite magnetic laye;. Mi i t : c t a ! i y • «/ £: )] ta * 
a first thickness c: thickness 22 an: layer 13 has a second tsickscs? c 
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r thickness U :hi: is E : e a i c : liiif. I h ! c k t € s < 11. 

In this example, layers II zii 12 a:c : e c i a n ^ u : a r acs arc hrcti 

e easy axis cf ica | : z ; i 2 3 1 : c r a I g d | 2 icaglh 27 ate cci alec? < ^ ' " : r 

lo cider t f p e s tl de*:ci$. :t< easy axis can he along ris:h 26. iaye r 
s 11 and 13 e a c \ have ir a g d e 1 i 2 a \ i 5 n t c c ! c r 5 21 and 2 2 that nf s t b 5 : % r t • 
ally alcnp length 27 ; t h a : i*. substantially pcrallel tc :e;g:i: I:e: 
e it shcoN be n n d c J 5 ; c g c t b a : cciy cm sr. cf vectors. 21 G ' 11, n 
e present in ceii 10 bu! the t*c- iiflercn: Siatos arc : 1 1 c « i : a 1 c a siirc": 
aneGDSly in FIG. I fc: convenience. Layers 11 a 0 d 13 arc cotpled by i I 
c r romagne t ic ceding i c ^ alleys Teeters 21 aid 22 10 aligr is the nr. 
e iirecticD in i h e absence cf ac externa! magnetic field. His coupling 

is a fsoclicc cf t h e materia! and the :hickdcss cf layer 12. 
Addil icnallv viitfc 25 is Icrrrcd tc he srcallei that the » i d I fe cf the rca^r. 
etic domain walls cr transitien widit *::h:D layers 11 icd 12. Ccrsenue 
Dtly. vectors 21 a d d 22 cannr: be para: i e I tc *;d:h 26. Typical?. t:o: 
bs of less than 1 . ( to 1.2 microns resui; in such a constrain:, fc this 

eiample, width 26 is less than cne rcicrcc a d c is as snaH as nr. he mad 
c by manufacturing techncicpy, and i e n g 1 h 27 is a P p r 0 s ima 1 e I y five times 

Fidlh 26. A ! S c ie this example, thickness ?3 is app r ci ir.a: e i y three 1 
c six nanometers and thickness 24 is app: ex i ma l c \ y feu; : 0 tea raicme'e- 
c. As will be seen hereinafter. :he tii'lereice in ttielness 2 3 a r. c i\ a 
"fftcts the swi:ch;cg pcints c! layers 11 aid 13. Vectors 2: arc 25 i'.is 
S'.ratc t*c differed stales cf ma sn r t i z a ■ : c n veneis ■:(.'.'• 10. Oc 

c state is referred tc as a :cr»c s 0' : and the ether sia:o is a lof.c T 
. Fc 1 each Slate vectors in Uih layers II anj i3 pcirt in 3 I:??: d:rc 
ctico : and for the ether state f e c 1 g r 5 ic tcrh layers II a 2 d 13 pc:&: ir. 

the 0 p p c s ; t e c r second d i r e c i i c c . 
Tc write ur change the state cf ceil 10. a tela. r-a*fte::f iie.c is app:: 
ed that is sulficicn; tc completely switch the cireuior. r | :5 . magocric 
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vectors cf bcil: layer; 1! an: 13 free a i c cne d i ? c c t i r - c: c:s:: > : 
to a 1 cog the c p p c s i i c direction cf ! c c g t fe 5 7 s that is. tr f- tr. 
e state r c p r € s c d t c d by vectors 21 :c tie state representee; b: ~crtr;:> Si 

cr rice ie:sa. Tc provide the Iciil a: £ g c c : ; c fleii. a irar?"?:-'; ccnci 
ctcr cr wcro line 16 Is rcrn.ee ci the s c f I a ce cf a c s e. ; e c : r : c i4 cvt::-: 
ng nencrf ce:; iO arc a 5 c c c r u ctnducicr [not sho*n} is (Craeeie: i '. epp 
csite cods cf ceil ll :n individual rc*S tc fern: i ieose in*. A fcir.b::: 
alien cf the sense line and word lice 16 are aisD use: to :tas. c: iecse 
, the state tiered in cell 10. I: sbccld be noted thai ir ioirr case*, a 
n additional digit line (oc; sIcm) »b : ch is p e r p e n s i c c ! a ? tc tc:: lint 
16 is require: tc ensure that the vilce c! lilt t c i a magnetic l:sl: ' >■ ? 
ufficien: tc c a u e the cr. a g n e t i c v c c : *: i < Ic eiitcr rotate c: tc s*:rch. 
Tbe ta'ue cf the ir.ta: magnetic field i* a summation cl the msfDetiC f:r 
ids resulting from the sen?, *c:d. a n c digit line cirrer. 
FIG. 2 is a graph 31 i ! : . o s t r a t : rg the resistance cr vcituge output c! ce 
II 10 (FIG. I) verses the applied magnetic fie!c : cr tctai magcftii iie.c 
. The abscissa indicates magnetic field i : r c i c c and strength. :rat :? 

, the streojfth either supports c; opposes the nafntiic vectcn cf cc'! 
10. The ordinate represents the voltage culpa: cf celi 1 * . - 4 . esrve il 
iodicates tbe maRnetcresistar.ee c b ar ac • c r : s l i c : »:a :te ccipa: vciragf. 
for vaficos ro a f? n e t : c. field intensities fc; one director, cf na; re ■ ■ n : ' f. 
i vectors (for example vectors t\) . A ccne 33 iicioi€£ the raga<:c:ef. 
istaoce characteristic, via :he cotpit vcitagc. fir the sarr.c mi«:tt»i ; = 
eld intensities for the opposite direction ul id a g t c L i z i i : o n v C :to?>; ..f:r 

example Teeters 22). Tc the right cf acre, curves !2 ins 3 3 indicate : 
he output vcltage fcr magnetic fieirs thai sapper*, the -c : : c : 5 of ccrv? 
32 a o d oppose the vectors c ( ccrve 32, and magnetic fields to :tc e i : c- 
f z c r c supper & the voters c f c « f t e 32 an: c p p fi s e the v e c : a : : 5 1 1 1 : " € •:• 
2. Typically, curves 32 acd 23 cress the uitafc axis at :feg sane point 
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atd hart the same minima values. Fc: the 'ate cf ex p '. < e c : ■ : r . c-::v? * 
3 is shifted vesical!) a slight iiecod: Ic sbc* the d i f f t : e : c : : &e:*cif 
the cef f c s . 

A: 2 e : c applied field, the vciiagc calpii cf cell 10 \\ i p? : cx ifrat c. y :1 
e same re^ardies!: cf the magfie ■ i it i i c n ?ccu: direct : c- ft . As f'^i : 

0 c r e a s e s f r cm zero -.(• 31. ce;v? 33 stc*$ ifec vcltage ct:pc: cf csi: M- t 
aving vectors that are cpyesed by the :<iial rasgneiic field, s n d cv:'C 3/ 

Shew; the vcl-ige cf ce!i It h a v : r . g vecicrs ilai are *bp?cne* the r. 
agnctic field. At rtagnttic field irteasiiy cf Hi. llic vectors cf ise is 
yer 1! begin tc rotate and increase the cupit voltage. A: ihe :ssa: tra 
goetic field intensity increases between Hi an: HJ. the magnetic vectors 

of layer 11 continue tc rotate acc ssap to ihe ctfccr direct : c e £?ar a f 
ield ioteosity cf 113. Near H4, the vetted cf thicker layer 12 sr.*; to 
the opposite direciinn and t fee resistance decreased lei values cf Hi an: 

above- Similarly, the output vc!tage for 3D epposhc direction tots: n 
agnetic field is shewn bei ve en lerc ani H: tc HS- 

The resistance is normally deieimintJ by sec-sing a vgliags cr.put c! ce: 

1 10. The voltage output is the vcitsge drcp across t he icofth el cei? 
10 with a constant ciwrert applied aicog the leigU cf cell 16 an: vh:ie 

a magnetic field is applied. One method cf detcniiicg iht state cf ce- 
ll 10 is to apply a tctai rr.afr.eiir fieic ifca: is higher tfcar, ifee it 
og threshold f c ^ layer 11 li.e. H3; hat rc: ss high as the = *itch!nj :i: 
eshold for layer 13 (I.e. !U} ■ ^« ike ^tal magnetic ficii i? if. a i: 
icctico that supper 1 5 the ra a £ u e t i c vector?, thai Is. in tte saxe c.rcc:; 
oo along length 27 as the m a g r e t i tat i en vectors, the maft € : : ? veci-s 

oci substantia! iy relate sc the resistarce cf cc! 10 :g>h ont bilir.a^ 
ialiy change. Correspondingly, the output vciiage a : s n dee? n*: nfei:ar 
t i a i 1 y change. 

Hcwevcr. ^en the total maf te t i c fieic oppeses the rtcttrs. :if Kigscilc 
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t e c i c ; s relate- As the f i e 1 :J iccrecSes ;hc vectors cf ^ 3 y t r ii re?:; : 
c rotate tc*arc the cpp«s 5 i : c end of ? aye: 11 [the rcctcrs ci -sye: I - £?. 
y rotate slightly). As i h c field increases farmer, the vcctc'S H la?e 
r II centime ic mate a r d the icsista&cc increases sntil \lt ver.c; ? 
oap tc the c p p c s : ; e direction. Fcr for Iter increases. ir.e • « s is rsr.cc rs 
naios £ u bs t a 1 1 i a : ! y cttstari intil ihc vector? c( iayc; 13 £ i J c s:*f- *h 
ich produces a change ic nc?ec it (crosa : i on. Thereafter. :U -cs ' ^ :. c ft 

decreases as the field increases. 

Because cell ID operates en the precise thai :1c vjiee cf the tcU' iragr. 
etic field is a s u mn^ a t i n r r.\ the magnetic fields icSit!t:D$ frci the S e r. ; 
e, word, and digit lire currents, i; cao be seen that stray n: a g n e : : c fie 
Ms combined *i:h the trial magnetic field can p:cst-cc s 1 1? s : a n i i a i c r r c * 
s ic either cf the reading c: ^ r i 1 1 d g operation;-, a s *cll e!fec:ir.j| c 
ell 10 during ccrma; suiage. Fcr example, duing read : a g c p e r 1 1 i c r 5 . * 
hen a total nafoelic field is feifhei t h a c the switching ilresn;!: cf lay 
er 11 but net sufficient to ssitel; the majneiic »cci«rs cf layer 13. a s 
tray raagoetic field cccid easily scp-pif a SB f f i c : c e : n>c£teiic I : e ! 

d to supass HS a a d actually switch the iiic:na:icc it the cel.. Ferric 
r. because many cf !he mercery cells are very snail and packed ur? close 
It ugetber, especially 'In large arrays i relatively 5 in b : : amcic: cf st 
ray magnetic field can have a substantia; effect therm- 
to alleviate the stray magnetic field problem. 3 pa s s i v a t i c : :*y e: i 5 is 

formed at leas: partially s u r r c c n d i r g memory eel: 1 1 • In 3 D:e!<-re: e 
mbodimeot. layer IS is formed cf a iayer cf i c r -c c i d c c ; ; v c Ugb perseab: 
Miy material, such as ferrite materia".. 5cme fcr'hc res t c r I a : 5 :Ul a? 
e suitable fcr the describes purpose are a: least ere cf: M&-Z t- Fc r • : : c - 

Ni^Zn-Ferrile, MoFcO. CuFeO. FeO. a SiFeO. Because a F fr IP :i 55--? 
oidiclivc. it can be deposited direttl? co the scria-e r, ! re.! 1 1- « • 
hin layer 17 cf dielectric tnaieria! ma? be used better, cr". U a:: : ay C 
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r |6, if later 15 is scflicienily ccr.cnci ivt : ; a::ec: :'<■■■ ■■. i ■::>.'■-■■< ■ B 
ecaasc iaycr IS is formed c( a high pt rite as: 1 1 1 y rait::?; any Stray r.ajn 
eiit fields art siieided I rem celi it. Fjitkcr. at- ma?f.t::c ficl-: r sd 
uce: b; cmicoi bt'.tg applied Ic wcrd line 16 ■ 5 Icccsed »: directed est 
c ceil 16 by layer IS ;c that a smaller amcci ef ceres: cat b: a??lset 
ic word lice 16 it achieve the s amt amcrtt cl tea! magnetic field k:s 
i i ed Ic r i cad i og ao:/c : * : : ' i eg . 

Thus, layer IS perform; the dual Icnoticr ef shrcidttg ceil 1? aglU-H ! 
tray magnetic lidos at fecasieg iottrrnlly generated magtcttc ftctis » 
ithia tei! 10. It the ever, that cniy the shielding Inrciicr. is it«i:t< 
layer 18 can he formed cl i typical passivatint materia: 'any cctve:;e 
ci dielectric materia! which previses a gtcd barrier re enema; r.c:ttt: 
e, etc.) with a qtantity t [ tigl; perinea a i I i t J materia - - intermixed. Gent 
rally the high permeability materia! cod be petered ami nixed witt the 
passivation mareria! it a \\\t\i cr semi- I iq« id feme and then applied to 

the ceil or aria;. oi molded arcuad the cell- Alf«, the high perntabi :i 
t; material can be spu: tei cd cr spuc-cn along with the pi£j!n:i«n n: a ; c t 
ill. Ic yet another application technique, pewders cl rfcc ferriie mater 
i a 1 S can he spray ccattd onto the passivation layer, cr cr the hack f! : 
be s.bstrate, cr aoto the package a; a •«:? ic* cost cepositier. methed. 
Timing nc* tc FIG . 2 . a simplified ana enlarge: c : cs s - 5 1 1 : i s i s 

an array 5? cf ceils, similar to cell SO. is -iicsrraic:. 0: y « tc:-: 
co c| array 50 is illustrated for conscience, iccicding ct: !? »1 and 52 
. Typically, a plnraltty cf ceils leg. 51 and 52; similar :s it., \i a 
re formed cc a ccicroc r schs;ra:e 5: with a space bc.*ecc each : 
ct |i 51. 32, etc. A cttdectt! 58 is then applied u i n S * : £ a a a e c = ce 
5l 52. e tc. ic i n d i v i s ■ a ' rr,?? '.sense lines}. \ p '; c r a ! : t y : f irar.svt 
c ccnducicis or *c:s lines 57 are associated in c > t r 1 y i n g r e i « t i t nS k • i 
nc each with each coiamn cf the memr.:. ceils. 
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A passivation ia-er 6(. is f fi ' ^ e c over tie ertire array : ■:■ ■: -vmp " € : (. . 7 ?bs 
sivatc I h e entire array and aty : c : c ? ; a r e £ circuits ( i : • n s : m i e : : £ t.vt 
k fcira at 61) associated *ith the a'fay. Passivatic- - s 7 e r 6v. : r. a t:c 
f < r r c d embed iseoi is f c : r, e d cf 2 iayer cl fe:r : ;e m 3 1 <• : i a i s »"l : c fc are sp 
uttered ci spuo-cc csisg any cf the well kecwr r e c h n i q r e s . Otcc- ;si cl: 
ire passhaiicn layer 60 is fence:, openings 65 are Icrmed rhrc^r pas*! 
vaiico layer 60 tc a 1 1 6 v connections tc b g r d i n p pas 5 ars lie Ilk?- 1 s s 
his preferred embed idea i . passivation layer 60 nc: en y pasiimes as: 1 $ 
hields the array bu: fccises c: direct ir.teroaily g e r- f r a : ? ri magnetic f: 
elds (e.g. these generated by currer: in ^ c t d lir.es 57) c 5 : r 'be asset;* 
ted cells. As previously described: if c n : y the fctciicn? r. f ^hieiriinz 
and passivation are desired, passivatico iayer 60 is fcrmec el a na>s:va 
ting mateiia! *i:h peered or small panicles cf a hi?h nraecelic per^a 
b: 1 1 1 y material i a t e \m :xc i t lie -re i o . 

Thus, a ae» an: improved ec o - ? c '. a t i E e ea % oe *. c -i e < i s t • v c mcrcry «■ 
ith stray magnetic shielding has be«G discUsec. The stray rraflneiic s h i 
eldiog dees net add subs : an i i a I I y ic ir-c ccsl cf the acne? betaisc : : i 
s simple and easy tc app'.y, generally being incorporate: i c : o a prcccsu: 
e which is already ic place as, lor example, the standard pass-vaticis te 
chniqoc. h a preferred cr,b u d i me n 1 , 1 1 c sway magnetic shie):^ Ic: <h 
i new and improved c c n - v c : a : i i c roa g o c i c - r e s : s : i v e mtrr.crv 3 :<c IcccJff th 
e iotcf oaS lj generated magnetic fields cf the fiercer?. He hecsisj? d i 
he ai a e n e t i c fields, along 'ith elticioaticn cf sway magnetic ?:e:os a . ■ r. 
rrs the internal I y generates magnetic fields to be s i bs ta £ t i a i i • r<coc?;. 

which redoes the amom cf pc*e: required to operate the oisnrcrv. Ft--: 
her ; the focusing reduces the power c cb s citpt : c c cl l he ce!i. reduces t!se 

metal current density anc imp-eves, the associate: meiai rviiau: ■ ' T 
he fecosing also reduces the size cl drive transistors :k inceas; ceii 

real estate e f f i c i e t c y . 
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Wh i ! e *l have s h c v. r a d -J described spec:!:: eib:: t« r ■ .= c! :t« it 
csent iDventicr. further r.c d : I : c a : i c 1 5 >c: U tccc? :t 

c c e £ k i lied is the a:;, *e dn::c ii be uti«:s:cc:. «.tc?clcr< s thr. : 
lis ifiven t icn is. n c : limited <c the M r ; i c i ! i r lorrr.s shewr £t f t$ i^ern 
io the appended f.iaiics to cuve; a!! kc : i f i c a : : c r. s :hi: r : . : depsr: !: 
cm the spirit 30: s c c pe c f : h : S i n v c t : i e n . 
What is t laired is: 

1. Stray magnetic shielding I c r a f 0 a - vc i 1 ; i I e mg e c c : c - 1 e ?: 3 ! : v e 

mtiBci y comprising: 

a Dcn-vclali'e magne. t c-res : s t : vc m c m c ; y (10. EGi pt5!t;nnc? en a 

substrate a d d d e f i c : c u an upper surface; and 

a passivation layer CIS, 60; si leas: partially 3 u r r 0 c r d i n g the 
iGi-rolitile aa|ie:o 'eslsiive iremcry 50). the pa s S i v* : 1 e- r, layer ;1 

8, 60) iocUding few ite materials f c ? shielding itc dci-m ; 1*. i ie «aft-e: 
c-resistivf crcrtc ^ y (10, &0) licr stray tnag r. € 1 : c fields. 

2. Stray ma|neu'c shielding f c r a Dca-velaiilc tea g 0 e t c - : e s 



1 s : i vc 



merac r y c enp r i s i og : 

a doo-vc ! at I ! e magre t c-r 1 ? : 5 ; i vc mercery 'IC; P osi;ton?d « n a Set 
sirate aod defioiog 11 upper surface, the oct - v 1 : a : i 1 c ma g t c : 1 - r e s : s i 1 *e 

memory !l0) L b c I u d i n j? ai lean lint and seccn; layers (II. 13} c f rcagn 
cic-resistivc naicriai separatee b? 1 layer 1 1 Zi if nor-ma?re: :c materia 
1 ; 

a layer ( 1 5) cf high permeability, n c s - c c c : u c t : v e ogEc::C a-cier 
ill positioned aijaeett Lhe uppe« surface of 1 be nc c- v; : a : ! : c B»in«u-rs 
liitifc neacry '10; st as tc fecos irte'oaily C e r e r a 1 e d n«|t«;:? ficli? 
cn 3 i hast cue of lh< firs; and second layer; IS; of nsfce:';-! cs is 
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live materia! a k s h : e 1 c :1c r f.t- v? : : it 7.3$ a c ; c- : e s i s : : • c r.e;:.::y ; r .. 
f r cm stray rtagne t i t fields; arc 

a pasnvaticn layer C I S > hi ica*i par.lall/ $:f : tcaii tii :hi 
1 of bigh permeability. 1 ca-cccdici ; r f ira?nct:r. rcaieria: av; : eo t* 

o-volalilc magneto-resistive mercery lid) . 

3. Suay magnet : < s h i e ! d i n p fc: a n c r. - v r, 1 a t : ! c a-a g : e : ' - 1 0 5 : 5 ■ 7 * 

mercery ccmp : i s i ng : 

a Bcn-vclat: le ma go c t d - r e s 1 5 : 1 ve mumv positioned 5t < sen: 

i c c d d q c I c r substrate (55), the non vo!at : "e migatic - r ti i s: I ve n-crscfy :5S 
) including ao a 1 r a 7 c f individual cells [z\ . 52) each cc!! iatlici 

Bg at least first asd scccH 1 aye rs of m a g r e 1 0 - ' <■ s i s t i v e materia! stpisa 
ted by a layer cl Dco-niagiic : i c materia!, the ccc vclaiile caga e to - : c S : 5 ; 
ive mercery (50) further including integrated circutry C6 1 > address i n g s 
ad ccotrcliiog the individual cells '51. 52) with i n ?c :/e u t pi i terri^is 
; and 

a layer of bigh permeability, hoe- c c do ac t i ve magnetic, material v 
60) ccatiog at least 10 oppc; surface cl the eon »c"a: : ?c nagm t ? -r «* 1 « : 
ive memory (50) Sc as tc focus ine.-oiMi generated nrapnetir Heidi cc a 
t least cue cf the firs: and scccod layers cl rcagnetc rerstive material 
in each cf the individual cells [:\. 12) an: li\t\i the no s - v c 1 a 1 1 1 e ma 
gnetc-resis; ire mercery from stray magnetic held!. 

4. A method of s&ieldiag a ice-tc I a t i t ragi e t * - r c s i s : i * c r: e rr 1; : > 
(rem stray magnetic fields ccmp: is i eg lie steps cf: 

providing a ncc-v 0 1 a t i I c ma gne : c- r e s i s t i ? e memcr? p « s : • ■ c s f = sj. 
3 sobstrate aed defining an upper SEihcc: a.vJ 

piMivaring and shielding tfee icg-vc la I i 1 e nagnct<;~:es i s: : ve mtir 
cry free stray magnetic fields by at least yaMiaiij s f ci f.d i eg :he mt 

-volatile magaetc-resinive aen:-i a r! pan : 2 : : ; r. material 

including I c r: i t e nra l .t r ia ! s . 
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Abstract c f tic D : s c ! c s a : c 

A Dca-vc!a:i!r n:a g nc : o- r c 5 : < s i v « o-tacry 'id' p o s • : : n - e d or z .en: 
iccadactc: s u t s J : a : e ;< shielded from sway magnetic licics by 3 saisi^a 
lice layer (IS) p a : t i a : I y c; c c p 2 e : e ! y s i? :« ens I r? the ten 7 c ' a : I i p ff.ag 
i!Ctc-rcs i st i vc m e n: e r v [10;. The pissivf.ioc layer 'l£; iacledts ccr-cct 
d u c t i v € f e r r i t e id a : e t i a I s . such as M r - Z t. - Fe : ; i : t . N I - 1 « -F f r r i : c , VnFe!). 
CnFeO, FeO. gj N ; F 1 0 , fc: shielding ike n c a - c ! r. i ie mef te t s - J c s : M i *e n* 
emery (10) f r ere stray magnetic f:cic>. The son-ctDdcctive ferrite traie: 
j a I ! may alsc be in the fcrra cf a iavei (If.) vhicfc (ocuse: :rtt:n»!!y ?e 
Derated mafoetic field?, en t h c ncc-*s f! a ■ i ! t nagacu-f cs i st i» « sentry (IC 
) tc reduce pc*ei r c q e i : eme c t i . 
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